Tuberculosis due to infection with
Tuberculosis due to infection with Mycobacterium tuberculosis is one of the most important communicable diseases [1] .
Because M. tuberculosis grows more slowly than most other bacteria, direct analysis of RNA expression is a major area of interest [2] . To successfully quantify the expression of specific M. tuberculosis genes by real-time quantitative reverse transcription polymerase chain reaction (qRT-PCR) or RNA sequencing (RNA-Seq), it is important to use intact and pure RNA that is free of DNA and proteins as a template [3] .
However, RNA extraction from M. tuberculosis is problematic due to its thick, waxy cell wall rich in mycolic acid, which renders the cells resistant to lysis [4] . Furthermore, because RNA is subject to degradation during any extraction or purification steps [5] , sophisticated handling techniques under optimal conditions are necessary.
Various methods for extraction of mycobacterial RNA have been reported based on enzymatic hydrolysis, chemical treatment, french pressure cell rupture, bead-beating or sonication [2, 4] . We first tried to extract RNA based on enzymatic hydrolysis with lysozyme and RNeasy Protect Bacteria Mini Kit phoresis in a 2% agarose gel and ethidium bromide staining (Fig. 1) .
For RNA extraction, we compared two M. tuberculosis growth media: Enriched Middlebrook 7H9 broth and Mycobacteria Growth Indicator Tube (MGIT) (BD). Seven milliliters of bacterial culture were used to extract total RNA using the extraction method described above. However, RNA extracted from MGIT cultures showed low yield or degradation (Fig. 2) , in contrast to previous report [7] . Two culture media are almost same except casein peptone and fluorescence indicator. However, we inoculated a loopful of bacteria in media directly, the rate of proliferation could be faster than usual. The volume (7 mL) and thin tube of MGIT could be insufficient for the growth of bacteria for 3 weeks. Because the volume and container of 7H9 broth we used were 30 mL and Erlenmeyer flask, environment for growth of mycobacteria could be more ideal than that of MGIT. Also, we investigated whether the diameter of the beads used for bacterial cell lysis could affect the yield and/or quality of RNA. We extracted RNA from M. tuberculosis using beads of diameters 0.1 mm, 0.2 mm and 0.2-0.5 mm mixture; the results did not differ significantly among the three bead diameters.
In the early stage of this study, RNA was purified using an RNeasy Protect Bacteria Mini Kit (Qiagen); however, this led to a loss of over 50% of total RNA after cleanup. It is believed that the RNA could not adhere to the surface of the column during purification. To reduce RNA loss, we performed DNase treatment after precipitation of RNA without column cleanup;
this reduced RNA loss to ∼20%. Thus, if genomic DNA is not identified by gel electrophoresis and the RNA is of reasonable purity, additional purification is unnecessary.
Extraction of intact and pure RNA is important but problematic. Using TRIzol reagent and several powerful bead-beating steps, a high quantity of RNA was obtained. After treatment with a high concentration of DNase, the extracted RNA is available for use in subsequent experiments.
